Summary Ruellia simplex plant is grown for its aesthetic features including fl owers, leaves and overall foliage appearance. The fi g wax scale Ceroplastes rusci L. (Hemiptera: Coccidae) was detected for the fi rst time in Egypt on R. simplex. Mineral oil, diazinon, thiamethoxam + chlorantraniliprole, and essential oils extracted from Acorus calamus and Petroselinum crispum, were compared for their ability to control the insect. Results indicated that reduction percentage increased gradually until day 7 after the treatment regarding adults, nymphs and their total. The maximum effi cacy of the mineral oil, and thiamethoxam + chlorantraniliprole, was noticed 21 days after treatment, followed by A. calamus oil. Efficacy of P. crispum oil and diazinon reached more than 86% after 21 days and more than 90% 28 days after treatment. At 28 days, A. calamus oil reached its maximum effi cacy. Plants treated with thiamethoxam + chlorantraniliprole were the tallest plants and possessed signifi cantly higher number of branches and leaves, and leaf pigments followed by those treated with mineral oil or A. calamus oil. A. calamus oil and thiamethoxam + chlorantraniliprole were proved as promising compounds tested for the fi rst time in controlling C. rusci.
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Additional keywords: Acorus calamus, essential oil, fi g wax scale insect, Petroselinum crispum, Ruellia simplex fruits, ornamental plants and high economic value trees. It is well known as a serious pest of fi gs (Ficus spp.) and other commercial fruit crops in the Mediterranean region and in several agricultural regions of the world. It attacks almost all parts of the host plant and can cause death of the weakened and heavily infested leaves and shoots. Sooty moulds developing on the scale honeydew can reduce photosynthetic activity of leaves (AlMomany and Al-Antary, 2008; Vu et al., 2006; Deng et al., 2015; Ismail et al., 2015) . In addition to the direct plants physical damage, C. rusci is known to carry plant viruses (La Notte et al., 1997) .
Chemical control is the main and eff ective tool used worldwide for controlling scale insects and mealybugs (Franco et al., 2009) . Mineral oils have been proved highly eff ective for controlling scale insects in a variety of fruits and orrnamental plants all over the world including Egypt (Ismail et al., 2015) . Various organophosphorous compounds such as diazinon were also found to be eff ective against scale insects (Abd-
Introduction
One of the newly introduced fl owering ornamental plants into Egypt is Ruellia simplex C. Wright 'Katie', syn. Ruellia brittoniana Leonard 'Katie' known as Dwarf Mexican Petunia. It is a very popular landscape plant, effectively grown as an annual fl owering plant as a pond marginal, in beds and borders, as free-blooming plant in large containers; it may be grown indoors as a houseplant (Gilman, 1999; Ezcurra and Daniel, 2007; Anonymous, 2015a) .
The fi g wax scale, Ceroplastes rusci L. (Hemiptera: Coccoidea: Coccidae), is a polyphagous pest that attacks a wide range of plants from at least 21 diff erent families of Rabou et al., 2012) . However, some of these compounds exhibited harmful eff ect on the natural enemies of the pests and other non-target organisms (Satar et al., 2013) . Recently, a new insecticide was developed by mixing thiamethoxam and chlorantraniliprole. Thiamethoxam is a neonicotinoid insecticide found highly eff ective in controlling scale insects, mealybugs and other sucking pests (Abbas et al., 2014; Mohamed et al., 2015) . Chlorantraniliprole is a relatively new anthranilic diamide systemic insecticide which has a potent insecticidal activity against a wide range of pests including Hemiptera (Sattelle et al., 2008) .
Increasing emphasis is being placed on the potential usage of natural products such as essential oils as more environmentally friendly pesticides alternative to synthetic insecticides. Concerns about phytotoxicity of these oils and lack of confi dence in their effi cacy are the main reasons beyond the reluctance of many growers to incorporate such compounds in their pest management programs (Miller and Uetz, 1998) . Essential oils from diff erent plants have been known to show insecticidal, bactericidal, fungicidal and herbicidal properties (Bakkali et al., 2008) . Of these compounds, volatile oil from the perennial plant Acorus calamus L. (Araceae), common name sweet fl ag, and Petroselinum crispum (Mill.) Fuss var. crispum (Apiaceae), common name curly parsley, are considered in the current research. The essential oil of sweet fl ag has been found by several authors such as Liu et al. (2013) to exhibit toxicity, chemosterilant, antifeedant and growth inhibitory eff ects against a variety of insect pests. Asarone as ether is the main component of the oil which is used for the control of pests and bacteria (Abdul-Hafeez and Egorov, 2012) . Parsley essential oil is obtained from the leaves and seeds of curly parsley (Petropoulos et al., 2004) . It was found by many authors such as Mulugeta et al. (2015) to have insecticidal, nematicidal, antimicrobial and antiradical activities. Accordingly, the main objective of the current research was to compare the efficiency of natural volatile oils of both A. calamus and P. crispum with famous synthetic insecticides viz; mineral oil, thiamethoxam + chlorantraniliprole, diazinon, as foliar application for controlling the fi g wax scale on R. simplex plants.
Material and Methods
Pot plants of R. simplex heavily infested with the fi g wax scale were used. The plants were grown in 20-cm pots and kept under lathhouse conditions (70% shade) over the period of the experiment. The current study was conducted at the Experimental Farm of the Department of Ornamental Plants and Landscape Gardening, Assiut University, Egypt during 2014 and 2015.
Tested compounds
The insecticides tested were 20% thiamethoxam + 20% chlorantraniliprole (Voliam fl exi 40% WG obtained from Syngenta Crop Protection, Switzerland); diazinon (Diazin 60% EC obtained from Medmac for Manufacturing Agricultural Chemicals and Veterinary Products Company Ltd. Jordan) and KZ mineral oil 95% EC (Kafr El-Zayat Co., Egypt). The essential oils of A. calamus and P. crispum were extracted by the hydro-distillation method using a Clevenger-type Apparatus (Clevenger, 1928) at the Laboratory of Medicinal Plants, Faculty of Agriculture, Assiut University. Roots of A. calamus were collected from Kazan state (Tatarstan Republic, Russia). The vegetative parts were collected from parsley plants grown at the Floriculture Experimental Farm, Assiut University. Samples were shredded into small pieces and distilled. The essential oil was collected in dark glass vessels and kept at -40°C until it was used.
Bioassays
Both essential oils were tested at the rate of 2ml/l water and emulsifi ed with 1ml of Tween-80. The rates of the commercial formulations were 0.4 g thiamethoxam + chlorantraniliprole/l water, 5ml diazinone/l water and 15 ml mineral oil/l water. Also a non-treated control was used. Each treatment comprised of 3 plants and was replicated 3 times. The insecticides and essential oils were sprayed using a hand laboratory sprayer equipped with a fl at-fan nozzle. Data regarding the number of live nymphs and adults of C. rusci were recorded before application and after 1, 3, 7, 15, 21, 28 and 35 days. Population reduction percentage was calculated according to Henderson and Tilton's formula (1955) . Upon completion of the experiment, vegetative growth characteristics were recorded i.e. plant height, branch number/plant and leaf number/plant. In addition, leaf content of chlorophyll a, b and carotenoids was determined as mg/g fresh weight according to the acetone incubation method described by Krishnan et al. (1996) and Dere et al. (1998) .
Statistical analysis
Data were statistically analyzed using two-way split-plot ANOVA (Snedecor and Cochran, 1989) where time of observations was considered as sub-plot and tested compounds as main-plot. Means were separated by least signifi cant diff erence (L.S.D.) at 5% level of signifi cance according to Steel and Torrie (1982) . Statistical analysis was performed using Statistix 8.1 program.
Results

Reduction % of C. rusci
Ceroplastes rusci was detected and recorded on R. simplex plants grown at the Floriculture Experimental Farm, Faculty of Agriculture, Assiut University, Egypt. To our knowledge, this is the fi rst report of C. rusci on R. simplex plants in Egypt. Figure 1 illustrates an infested plant and diff erent insect stages on stems and leaves.
Results revealed that one day after treatment, all tested compounds induced reductions of nymph population of C. rusci (2.08 -6.09 %), which did not signifi cantly differ among them (Table 1) . Among all tested compounds, only A. calamus oil showed mortality against the adult stage, which gave 0.39 % reduction. These results indicate that nymphs of C. rusci were more susceptible to the all tested compounds than the adult stage one day after treatment.
Three days after treatment, A. calamus provided the highest reduction percentage against nymphs and adults, followed by the mineral oil and thiamethoxam + chlo- Figure 2 ). Diazinon was found to be the least toxic compound, caused the least reduction against nymphs and adults (Table 1) . Seven days after treatment, a slight change in the effi cacy order of the tested compounds was noticed; the mineral oil was the most toxic compound on nymphs and adults followed by A. calamus oil, and then thiamethoxam + chlorantraniliprole. Both diazinon and P. crispum oil were found comparatively the least eff ective compounds (Table 1) .
Fifteen days after treatment, the evaluated compounds revealed the same effi cacy order as at three days after treatment for adults and in total (nymphs and adults). For nymphs, the A. calamus oil showed the highest reduction percentage, followed by the mineral oil and thiamethoxam + chlorantraniliprole with non signifi cant diff erences among the three compounds. However, they signifi cantly diff ered from diazinon and the P. crispum oil, which recorded the least reduction percentages (Table 1) .
Twenty one days after the treatment, the mineral oil, thiamethoxam + chlorantraniliprole and A. calamus oil exhibited the greatest potent against nymphs, adults and in total, where they gave 96.8-99.11 % reduction with non-signifi cant diff erences between them. Diazinon and P. crispum oil had the least eff ect (Table 1) .
Twenty eight days after treatment, A. calamus oil and thiamethoxam + chlorantraniliprole recorded the highest reduction on nymphs and adults (over 96%). The P. crispum oil, the mineral oil and diazinon showed also high reduction percentages (over 90%) of nymphs, adults and in total.
Thirty fi ve days after treatment, A. calamus oil and thiamethoxam + chlorantraniliprole induced the highest reduction in the nymph, adult and total populations, with non-signifi cant diff erences between them. Non-signifi cant diff erences were noticed between both P. crispum oil and diazinon reduction percentages of adult, nymph and total populations. The mineral oil exhibited the least effi cacy on all insect stages.
In general, adult, nymph and total reduction percentage of C. rusci increased gradually until day 21 after the treatment. After 7 days, A. calamus oil, thiamethoxam + chlorantraniliprole and mineral oil exhibited the best results while P. crispum oil and diazinon showed the lowest ones. The highest reduction percentage was recorded with the same three compounds between day 15 and 28, reaching more than 90% in all cases except the reduction percentage in adult and total with thiamethoxam + chlorantraniliprole after 15 days. The maximum effi cacy of mineral oil, and thiamethoxam + chlorantraniliprole, was noticed after 21 days (more than 98%), followed by A. calamus oil (more than 96%) with no signifi cant diff erences. Effi cacy of both P. crispum oil and diazinon increased gradually and reached more than 86% after 21 days and more than 90%, 28 days after the treatment. At 28 days, A. calamus reached its maximum effi cacy (more than 98%). The effect of all tested compounds started to decrease gradually after 28 days.
Plant growth
Data presented in Table 2 show some vegetative characteristics of Ruellia plants infested with C. rusci after the treatment with pesticides or volatile oils. Plants treated with thiamethοxam + chlorantraniliprole were the tallest ones and possessed the highest number of branches and leaves followed by those treated with the mineral oil or A. calamus oil. Moreover, the plants treated with A. calamus oil exhibited slight leaf yellowing suggesting an evidence of slight phytotoxicity, which completely recovered about two weeks after the treatment.
Leaf content of chlorophyll a, b and carotenoids further support the superiority of thiamethοxam + chlorantraniliprole and A. calamus oil in alleviating the negative impact of the insect on growth quality of Ruellia plant. Chlorophyll a reached the highest values in the plants treated with thiamethοxam + chlorantraniliprole, A. calamus oil and mineral oil, respectively. While chlorophyll b had the same trend, carotenoids' content was found signifi cantly higher in A. calamus oil, mineral oil and P. crispum oil (Table 2) .
Discussion
Ruellia plant is grown for its aesthetic features including fl owers, leaves and overall foliage appearance, which was found to be highly aff ected by the infestation with C. rusci. Diff erent compounds were tested for their ability to control insect and alleviate its negative infl uence on plant growth and appearance.
Mineral oil, the only recommended pesticide for C. rusci in Egypt, exhibited high effi cacy in controlling C. rusci nymphs and adults; the highest effi cacy was recorded 21 days after treatment which decreased after 28 days of the treatment. Inhibition of insect (Ismail et al., 2015) , soft wax scale Ceroplastes destructor Newstead on citrus (Blank et al., 1997) , the guava soft scale Pulvinaria psidii Mask on guava (Aly et al., 1984) , the mango soft scale Klifi a acuminata Signoret and P. psidii on mango (Nada et al., 1990) , and the nigra scale Parasaissetia nigra Nietner and the cottony camellia scale Pulvinaria fl occifera Westwood on guava and mango (Abd-Rabou et al., 2012) . It was also proved eff ective against scale insects in Egypt such as olive scale (Parlatoria oleae Colvee) (Ibrahim, 1990 ). The mode of action of mineral oils is usually assumed to be suff ocation (Davidson et al. 1991) . In some cases, oils also may act as poisons through their interacting with the fatty acids of the insect and their interfering with normal metabolism (Helmy et al., 1992; Cranshaw and Baxendale, 2011) . Nevertheless, other compounds showed promising results which signifi cantly surpassed those of the mineral oil. The volatile oil of A. calamus exhibited signifi cantly high effi cacy against nymphs and adults of C. rusci, exceeding 90% inhibition 21 days after treatment (more than 96%) and reaching its maximum effi cacy (more than 98%) after 28 days; the effi cacy declined after 35 days, yet it was still superior to other tested compounds. The decrease in insect populations led to a noticeable recovery in overall plant appearance as could be inferred from the data of plant vegetative characteristics. A. calamus oil has been shown by several previous studies to exhibit insecticidal activity caused by its active component (asarone) against several insect species of economic importance (Hossain et al., 2008; Liu et al., 2013) . It induced antifeedant and growth inhibitory eff ects in Peridroma saucia (Koul and Isman, 1990) , Spodoptera litura Fab. (Thanapandian et al., 2011) and Tribolium castaneum (Chandel et al., 2001) . Moreover, Saxena et al. (1977) found that asarone possessed insect chemosterilant properties. The active component of A. calamus (α-and β-asarone) inhibited both spermatogenesis and oogenesis causing sterility in a variety of insect species such as the melan fl y Bactrocera cucurbitae (Nair et al., 2001 ) and the kelp fl y Coelopa frigida (Ramos-Ocampo and Hsia, 1986) .
Our results provided an evidence that thiamethoxam and chlorantraniliprole is a promising agent which exhibited excellent control of C. rusci insect on R. simplex plants with no evidence of phytotoxicity. Treated plants were characterized by the best growth characteristics including plant height, number of branches and leaves, and leaf content of chlorophylls a and b. This mixture is a new insecticide, containing active substances which belong to neonicotinoids and anthranilic diamide with diff erent mode of actions (Saglam et al., 2013) . Our fi ndings are in accordance with those obtained by several previous studies such as Awamleh et al. (2009) . Ahmed et al. (2005) and Taha et al. (2012) also demonstrated the effi cacy of thiamethoxam on the green date palm pit scale (Asterolicanium phoenicis Rao) on date palm. Chlorantraniliprole is very eff ective against several Lepidopteran, Coleopteran and Hemipteran pests that attacked fruit, vegetable and ornamental plants (Sattelle et al., 2008) . In addition, chlorantraniliprole may have some ovicidal eff ect against fi g wax scale. The effi cacy of chlorantraniliprole on egg hatching has been found in other pests such as the diamondback moth, Plutella xylostella L. (Han et al., 2012) , and Tribolium confusum Jacquelin du Val (Saglam et al., 2013) . Chlorantraniliprole has a novel mode of action that interrupts the normal muscle contraction causing impaired regulation, paralysis and ultimately death of sensitive insect species or causing feeding cessation, lethargy, and muscle paralysis, fi nally insect death (Lahm et al., 2005; Cordova et al., 2006) .
In comparison with the other tested compounds, both P. crispum oil and diazinon exhibited the least reduction percentages of all insect stages. They had no signif-22 icant eff ect on the insect until 15 days after the treatment then the eff ect increased at 21 days and reached the maximum at 28 days (more than 90%). The insecticidal action of P. crispum essential oil might be attributed to the toxicological properties of the chemical components of the oil that can have various eff ects on the respiratory and gastroenterology systems of the insects (Mahmoodi et al., 2014) . Gruszecki (2009) reported that the main components of parsley leaf essential oil are α-pinene (25.5%), p-cymenene (17.7%), β-myrcene (16.9%), β-phellandrene (15.2%) and β-pinene (9.6%). Its effi cacy has been reported against several insects such as adults of Trialeurodes vaporariorum (Westwood) (Mahmoodi et al., 2014) .
Eff ectiveness of diff erent organophosphate insecticides, including diazinon, has been evaluated against scale insects in several previous studies. Diazinon inhibits the cholinesterase in the target pests and shows satisfactory eff ect against scale insects in fruit, ornamental and cut fl ower crops (Kwaiz, 1999) .
In conclusion, A. calamus oil and thiamethoxam + chlorantraniliprole oil were proved as promising compounds tested for the fi rst time in controlling C. rusci on R. simplex, compared to the recommended compound of mineral oil.
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